Biallelic markers such as single nucleotide polymorphisms (SNPs) and insertion/deletion polymorphisms have become increasingly popular markers for various population genetics applications. However, the effort required to develop biallelic markers in nonmodel organisms is still substantial. In this study, we compared the estimation of various population genetic parameters (genetic divergence and structuring, isolation-by-distance, genetic diversity) using a limited number of biallelic markers (in total 7 loci) to those estimated with 14 microsatellite loci in 21 Atlantic salmon (Salmo salar) populations from northern Europe. Pairwise F ST values were significantly correlated between biallelic loci and microsatellite datasets, as was overall heterozygosity when both anadromous and nonanadromous populations were analyzed together. However, when the anadromous and nonanadromous samples were analyzed separately, only genetic divergence correlations remained significant. Biallelic markers alone were not sufficient for reliable neighbor-joining clustering of populations but gave highly similar isolation-by-distance signals when compared with microsatellites. Finally, although several population prioritization measures for conservation exhibited significant correlation between different marker types, the specific populations highlighted as being most valuable for conservation purposes varied depending on the marker type and conservation criteria applied. This study demonstrates that a relatively small set of biallelic markers can be sufficient for obtaining concordant results in most of the analyses compared with microsatellites, although estimates of genetic distance are generally more concordant than estimates of genetic diversity. This suggests that a relatively small number of biallelic markers can provide useful information for various population genetic applications. However, we emphasize that the use of much higher number of loci is preferable, especially when the genetic differences between populations are subtle or individual multilocus genotype-based analyses are to be performed.
Single nucleotide polymorphisms (SNPs) together with insertion/deletion polymorphisms (indels) represent an important component of the genetic variation found in the genomes of vertebrates, and in recent years particularly SNPs have been claimed to become the 'new' genetic marker of choice in a variety of population genetic applications for several reasons (see Brumfield et al. 2003; Morin et al. 2004 for reviews). First, they occur at high frequencies in a wide range of species (Britten et al. 2003; Brumfield et al. 2003) . Second, the mutation mechanism of SNPs is simpler and better understood compared with microsatellites (Vignal et al. 2002; Brumfield et al. 2003) . Third, their genotyping error rates are relatively low (Ranade et al. 2001 ) and high-throughput analysis procedures enable large-scale population level analyses using very large number of markers (Kwok 2001; Syvänen 2001; Vignal et al. 2002; Chen and Sullivan 2003) . Fourth, often the developed SNPs are linked to the coding regions of the genome, and it is assumed that such gene-linked loci can be more efficiently used to identify functionally important polymorphisms than application of random genetic markers (van Tienderen et al. 2002; Luikart et al. 2003) .
The potential advantages of biallelic markers are counterbalanced by the fact that a substantial amount of screening effort is required for their development and a considerably larger number of loci need to be assessed due to the rather low amount of information per marker (each locus normally possesses only two allelic variants) (Glaubitz et al. 2003) . For example, it has been estimated that for accurate parentage determination in natural populations, up to 100 SNPs are required (Anderson and Garza 2006) , whereas with highly polymorphic microsatellite loci, as few as 3 loci have proved to be sufficient for accurate parentage assignment (e.g., Saino et al. 1997 ). This limitation is especially important when using biallelic markers in nonmodel organisms where no large-scale sequencing projects have been initiated, and thus the polymorphism discovery step needs to be made through laboratory screening rather than using in silico searches (Morin et al. 2004 ). Another critical issue, when using biallelic markers such as SNPs in population genetic analyses of nonmodel organisms, is the choice of a suitable genotyping platform as many highthroughput methods require expensive and specialized equipment not commonly found in genetic laboratories working with nonmodel organisms. This fact was highlighted in a recent review by Schlötterer (2004) , which provides an historical perspective on the use of different molecular marker types and suggests that when evaluating the feasibility of SNPs in nonmodel organisms it is essential to also assess the investment in marker development and genotyping costs. Furthermore, it is widely acknowledged that if SNPs have been identified from a small panel of individuals, rare SNPs will be under-represented, which is known as ascertainment bias (e.g., Nielsen 2000) . In spite of these potential limitations, biallelic markers are expected to represent useful tools for various applications in molecular ecology and conservation genetics (Morin et al. 2004) . Growing EST databases and novel SNP detection methods (Comai et al. 2004; Orsini et al. 2007 ) are expected to further increase the efficiency and speed of SNP discovery. In addition, from a conservation perspective, SNPs may have some technical advantages over microsatellites as they can be amplified from highly degraded DNA (Budowle 2004) , with some of the recent SNP genotyping methods allowing polymorphism detection with fragment sizes of only tens of base pairs (see Chen and Sullivan 2003 for a review) .
Recently, several studies have focused on comparing the advantages and disadvantages of microsatellites and SNP markers for various genetic analysis strategies in humans (see Bailey-Wilson et al. 2005) . For example, based on simulations, Glaubitz et al. (2003) reported that at least 5 times more SNPs than microsatellites are needed to reliably determine genetic relationships between human populations, and for linkage studies the amount needed has been reported to be approximately 3-fold (Kruglyak 1997) . The use of various molecular markers in animal genetics has recently been reviewed by Vignal et al. (2002) but thus far only few empirical studies have compared the utility of microsatellites and SNPs for population genetic studies of nonmodel organisms. For example, recent studies with flycatchers and gray wolves applied SNPs to address ecological, evolutionary, or conservation issues (Saetre et al. 2003; Seddon et al. 2005) , whereas Rengmark et al. (2006) evaluated the efficiency of SNPs in terms of genetic assignment and parentage testing in Atlantic salmon.
The identification of a large number of novel and unambiguous SNPs or indels in salmonid fishes is particularly challenging due to the duplicated nature of their genome (Allendorf and Thorgaard 1984; Smith et al. 2005; Ryynänen and Primmer 2006; Hayes et al. 2007) . Recently, we identified SNPs and indels in a number of Atlantic salmon genes Primmer 2004a, 2006) . In this study, 9 of these polymorphisms were chosen to analyze 667 individuals originating from 21 northern European populations that had earlier been studied using 14 microsatellite markers (Tonteri et al. 2005 ). This enabled a direct comparison of the gene-linked biallelic marker data with the previous results obtained with presumably neutral microsatellite markers in respect of an estimation of various population genetic parameters as well as prioritization of particular populations for conservation purposes. Furthermore, possible deviations from neutral expectations were assessed in both datasets to identify putative outlier loci potentially affected by natural selection.
Materials and Methods

Samples and Loci Assessed
A total of 667 individuals from 21 populations in northern Europe ( Figure 1 , Table 1 ) were analyzed in this study. These samples were a subset of those included also in the phylogeography study of Tonteri et al. (2005) , which enabled a direct comparison of two datasets consisting of different types of markers. The sampling and DNA extraction methodologies as well as the analysis methods for the 14 microsatellite loci are described in Tonteri et al. (2005) .
A total of 9 gene-associated biallelic polymorphisms were assessed. These included 6 of the SNPs or indels reported in Ryynänen and Primmer (2006) (Tables 2 and 3) , 1 nonsynonymous sequence polymorphism in the MHC II gene (Table 2) , and 2 indels identified in the GH1 gene of Atlantic salmon (Ryynänen and Primmer 2004a) (Table 3) . The polymorphic loci were initially identified by screening 15 populations for SNP/indel markers and 9 populations for GH1 indels, covering a wide range of the species' distribution using 1 individual per population Primmer 2004a, 2006) . Furthermore, in attempts to minimize ascertainment bias in the subsequent analyses, selection of the loci was based on their suitability for secondary screening methods rather than on their polymorphism levels within or between populations.
The SNPs were genotyped using restriction fragment length polymorphism analysis of the PCR products characterized by the presence/absence of a diagnostic restriction endonuclease recognition site (Table 2 ). The PCR reaction mixtures (20 ll total) contained 50-100 ng of template DNA, 1Â PCR buffer (10 mM Tris-HCl, 50 mM KCl, pH 8.3), 1.5 mM MgCl2, 0.25 mM of each dNTP (Finnzymes, Espoo, Finland), 0.5 U of Taq polymerase (BioTaq, BIOLINE, London, UK) and 0.5 lM of each primer ( Table 2 ). The PCR amplifications were performed in PTC-100 or PTC-200 Thermocyclers (MJ Research, Watertown, MA), with a cycle consisting of an initial denaturation step at 94°C for 2 min followed by 35 cycles of 95°C for 30 s, annealing at one of various temperatures (see Table 2 ) for 30 s, 72°C for 45 s, followed by a final extension at 72°C for 5 min. The amplified PCR fragments were then digested for 1.5 h in a 20 ll total volume using 2-5 ll of PCR product, 2 U of specific restriction enzyme (Promega, Madison, WI; or MBI Fermentas GmbH, St. Leon-Rot, Germany) at the recommended incubation temperature. The digested PCR products were visualized using 1.2% agarose gel electrophoresis followed by ethidium bromide staining, and genotypes were determined by eye. The indels were analyzed as outlined in Ryynänen and Primmer (2004b) , except for using the primers introduced in Table 3 . Only individuals that were genotyped with at least 6 of the 9 SNPs/indels and 12 out of 14 microsatellites (Tonteri et al. 2005) were included in further analyses (see Table 1 ).
Population Genetic Analyses
As expected, the 2 GH1 polymorphisms (SsGH1_indel01 and SsGH1_indel03, Table 3) exhibited highly significant genotypic disequilibrium (P , 0.0001) calculated using GENEPOP v.3.4 software (Raymond and Rousset 1995) . Therefore, the program PHASE 2.0.2 (Stephens et al. 2001; Stephens and Donnelly 2003) was used to infer haplotypes for the 2 GH1 indels, and the inferred haplotypes were subsequently treated as a single locus. Due to the a priori expectation that the MHC class II beta chain in Salmon salar may be affected by selective forces (see Landry and Bernatchez 2001; Langefors et al. 2001; Lohm et al. 2002; de Eyto et al. 2007) , and because the analyzed polymorphic site in MHC gene was a nonsynonymous substitution, this locus was excluded from all analyses assuming neutrality but was included in the analysis aimed at detecting the potential effects of selection (see below). Therefore, the subsequent analyses included either 6 or 7 biallelic loci plus the GH1 haplotype, depending on the analysis applied. Hereafter, this set of markers consisting both SNPs and indels is referred to as ''biallelic loci''.
The observed and expected heterozygosities for biallelic markers and microsatellite loci were estimated using a Microsatellite toolkit version 3.1 (Park 2001) . To evaluate the similarity of genetic diversity estimates measured as expected heterozygosity and allelic richness between 2 marker types, Pearson correlation coefficient was calculated. Tests for significant deviations from Hardy-Weinberg equilibrium were conducted using the GENEPOP v3.4 software, and significance levels were corrected for multiple comparisons by employing a Bonferroni correction (Rice 1989) . In addition, a genetic differentiation test based on allele frequency distribution was performed using GENE-POP v3.4. The permutation test implemented in FSTAT v2.9.3 (Goudet 2001 ) was applied to test for the significance of differences in genetic diversity between anadromous and nonanadromous populations. The FSTAT program was also (Meirmans 2006) . A Mantel test for matrix correspondence was used to test for correlation of the pairwise F ST and G# ST estimates calculated between 2 different marker types as implemented in the GENALEX 6 program (Peakall and Smouse 2005) . The significance level was based on 999 random permutations. Isolation-bydistance (IBD) was assessed for all anadromous populations based on biallelic loci and microsatellite data separately using a Mantel's test in the GENALEX 6 program as described above. The genetic distances were calculated as Tonteri et al. (2005) . (Rousset 1997) , and interpopulation geographical distances were measured as the shortest sea distance between river mouths.
Phylogenetic Analysis
Neighbor-Joining trees were constructed for the analyzed datasets using the SEQBOOT, GENDIST, NEIGHBOR, CONSENSE, RETREE, and FITCH programs in the PHYLIP version 3.6 software package (Felsenstein 1995) . Phylograms were created based on chord distances (D CE ) (Cavalli-Sforza and Edwards 1967) for microsatellite and biallelic marker data separately and also for both datasets combined. The reliability of phylograms was estimated by bootstrapping 2000 replicates over loci and the extended majority rule consensus trees were inferred.
Estimation of the Conservation Value of Different Populations
The conservation value of different populations (or groups of populations), which can be defined as the relative contribution of a particular population (or group of populations) to the overall genetic diversity or divergence, was assessed using 2 different approaches. The first method assesses the conservation priorities based on phylogenetic approach as implemented in the CONSERVE v3.2 program (available from http://www.agapow.net/software/conserve/) (Crozier et al. 1999) . Shortly, the conservation value GD (''genetic diversity'') of 7 different population groupings, based on the evolutionary lineages proposed by Tonteri et al. (2005) , was estimated by calculating the proportion of the overall diversity retained in the various population groupings (see Crozier and Kusmierski 1994 for further details). In total, 100 bootstrap trees for both biallelic marker and microsatellite datasets were constructed using the SEQBOOT, GENDIST, and NEIGHBOR programs of the PHYLIP version 3.6 software package (Felsenstein 1995) as described above, and the resulting multiple trees acted as an input file for CONSERVE.
The second method applied to assess the conservation value of a particular population was that proposed by Petit et al. (1998) , which estimates the contribution of each population to the total diversity based on the population's own genetic diversity (measured by expected heterozygosity) and its relative differentiation from the remaining populations. This was estimated using the CONTRIB version 1.01 software package (http://www.pierroton.inra.fr/genetics/ labo/Software/Contrib/) (Petit et al. 1998) , treating biallelic marker and microsatellite data separately. In order to evaluate the congruence of the different conservation parameters estimated for the biallelic and microsatellite loci, the Pearson correlation coefficient between 2 marker types was calculated.
Multilocus Test for Neutrality
A coalescent simulation-based method developed by Beaumont and Nichols (1996) was applied to test for potential signatures of selection acting on the biallelic and microsatellite loci. The method is based on a symmetrical island model of population structure and generates datasets with the mean F ST similar to the empirical distribution. The observed F ST values of each locus are then compared with the distribution of simulated F ST values (based on 20 000 simulated loci) to identify putative outliers deviating from the neutral expectations as implemented in the FDIST2 software (http://www.rubic.rdg.ac.uk/;mab/software.html). As some of the sampled populations in this study (e.g. Details of these polymorphisms can be found in the GenBank and dbSNP databases (accession numbers provided in parentheses). a FAM-label was incorporated in the forward primers. A-GTTT 'tail' was designed for the 5# end of each reverse primer (added bases underlined) to reduce stuttering. b Average allele frequency over all populations.
c Location of polymorphic site as it appears in GenBank.
d Taken from Ryynänen and Primmer (2004b) .
e A longer insertion (9 bp) was detected during the population screening step and, for practical purposes, this was chosen instead of the original 1-bp deletion reported (Ryynänen and Primmer 2006) .
nonanadromous populations) were likely to violate the assumption of equal migration rates, analyses were conducted only for the ''Atlantic clade'' excluding Baltic and nonanadromous populations. Thus, the number of populations was set to 11 in all simulations, and sample sizes were set to 50 (n 5 25 individuals) as recommended by Beaumont and Nichols (1996) if the median sample size is .50. The simulations were made assuming an infinite allele mutation model for biallelic marker data and a stepwise mutation model for microsatellite data.
Results
Genetic Diversity, Hardy-Weinberg, and Linkage Equilibrium
The average observed heterozygosity for biallelic loci ranged between 0.04 (Lizhma) to 0.39 (Pulonga), whereas the estimates for microsatellite data were generally higher ranging from 0.29 (Saimaa) to 0.72 (Dee) ( Table 1) . Overall, the nonanadromous populations exhibited significantly lower levels of diversity than anadromous populations for both biallelic loci (0.13 vs. 0.26; permutation test P 5 0.006) and microsatellites (0.43 vs. 0.63; permutation test P 5 0.004).
No deviations from the Hardy-Weinberg equilibrium were observed in any of the populations or loci after the correction for multiple tests. One pair of microsatellites (Ssa197&SLEEN82) and 1 biallelic locus-microsatellite pair (rps24_Indel01&SSOSL483) remained in significant (P , 0.05) linkage disequilibrium (LDE) after a Bonferroni correction (a 5 0.00024). The effects of these linkages are, however, assumed to be minor as significant LDE of these locus combinations only originated from 2 populations instead of being a strong signal for physical linkage in all populations.
A significant correlation between the estimated heterozygosities (H e ) of biallelic markers and microsatellites in the analyzed populations was observed (Pearson's r 5 0.647, P 5 0.002) (Figure 2a ). This correlation appeared to be largely driven by the general difference in genetic variability between anadromous and nonanadromous populations (Figure 2a , Table 1 ) as, when analyzed separately, neither of the associations remained significant (anadromous populations: n 5 14; r 5 0.434, P 5 0.12; nonanadromous populations: n 5 7; r 5 0.03, P 5 0.95). Similarly, a significant, positive correlation (r 5 0.438, P 5 0.001) between allelic richness estimates for different marker types was observed when all populations were analyzed together (Figure 2b ), but again the correlation was not significant when the populations were split based on their life-history strategy.
Genetic Differentiation and IBD
All pairwise comparisons showed significant differentiation for microsatellite markers, whereas 10 out of a total 210 comparisons were nonsignificant for biallelic loci after the Bonferroni correction (Appendix 1). Pairwise F ST estimates calculated for biallelic and microsatellite markers showed a highly significant, positive correlation (Mantel's r xy 5 0.652, P 5 0.001, r 2 5 0.425) (Figure 3 , Appendix 1). Significant correlations were also observed when the populations were split based on their life-history strategy (anadromous populations: r xy 5 0.509, P 5 0.002, r 2 5 0.259; nonanadromous populations: r xy 5 0.833, P 5 0.001, r 2 5 0.694; Figure 3 ). As expected, consistently higher values of F ST were observed for the biallelic marker data than for the microsatellite loci (e.g., Hedrick 2005) . For example, the highest pairwise F ST estimates for microsatellite loci were close to 0.5 (average 0.22), whereas for biallelic loci F ST sometimes exceeded 0.7(average 0.30) (Figure 3) . Maximum G# ST estimates exceeded 0.7 for the both marker types, whereas the average G# ST was 0.37 and 0.49 for biallelic and microsatellite loci, respectively. Similarly to pairwise F ST estimates, standardized G# ST estimates were highly correlated between the 2 different marker types (r xy 5 0.543, P 5 0.001, r 2 5 0.294), and thus only F ST values were used subsequently. An association between genetic divergence (F ST ) and geographical distances revealed a strikingly similar IBD signal based on both biallelic marker and microsatellite data (Figure 4a and b) . A significant correlation (r xy 5 0.527, P 5 0.004, r 2 5 0.278) was observed between the estimated genetic and geographic distances for biallelic marker data when all anadromous populations were analyzed (Figure 4a) , and the results were highly similar for microsatellite data (r xy 5 0.410, P 5 0.002, r 2 5 0.168; Figure 4b ).
Phylogenetic Relationships Between Populations
The same main population groupings were generally identified using either biallelic or microsatellite markers (Figure 5a and b) . Based on biallelic marker data alone, however, the bootstrap support for different groupings was relatively poor with an average bootstrap support 34% per node and only 4 nodes supported by bootstrap values higher than 50% (Figure 5a ). In contrast, the average bootstrap support for the microsatellite data was considerably higher (55%) with 9 nodes exhibiting bootstrap values higher than 50% (Figure 5b ). Combining both biallelic marker data and microsatellite data only marginally improved the overall resolution with the average bootstrap value per node of 59% (Figure 5c ). However, it did result in some changes to the structure and branch lengths of the tree. For example, the bootstrap support for the grouping of the Saimaa population with the nonanadromous White Sea populations Kamennoe and Pisto increased from 45% to 53%, and for the node grouping of all Baltic Sea basin populations together, the inclusion of biallelic loci increased the bootstrap support from 31% to 51% and improved the basal branch structure within the group (Figure 5c ).
Population Prioritization for Conservation
Population prioritization estimates for 7 different geographical groupings using the genetic distance-based method implemented in CONSERVE program showed highly correlated estimates (Pearson's r 5 0.964, P 5 0.0005) between the biallelic marker and microsatellite datasets ( Figure 6 ). Based on biallelic marker data, the White Sea, Barents Sea, and Atlantic Ocean grouping retained the highest proportion of the total variation (85%), whereas the proportion was 68% for microsatellites ( Figure 6 ). The lowest estimates (ca. 13% with both marker types) were obtained for two nonanadromous populations (Kamennoe and Pisto): interestingly, adding a third anadromous population, Saimaa, increased the conservation value more than 3-fold (to 48%) in biallelic markers and 2-fold (to 27%) in microsatellites ( Figure 6) .
Similarly, the second population prioritization method for conservation implemented in CONTRIB program showed a congruent pattern between biallelic marker and microsatellite datasets, both when conservation contribution estimates were based on genetic diversity (Pearson's r 5 0.422, P 5 0.001; Figure 7a ) or population differentiation (r 5 0.477; P 5 0.03; Figure 7b ). Interestingly, however, when the populations' overall contributions to the total diversity were assessed (sum of the diversity and divergence contributions), there was no correlation (r 5 0.01, P 5 0.98) between the 2 marker types (Figure 7c ).
Tests for Selection
The majority of the biallelic loci fell within the 95% confidence limits of the simulated neutral distribution (Figure 8 ), indicating that it is not necessary to invoke a selective hypothesis to explain the observed levels of genetic differentiation. Interestingly, the MHC marker that was selected a priori as a potential outlier candidate did not deviate from the simulated neutral expectations (Figure 8 ). However, 1 biallelic locus (EF1a) out of 8 deviated (P 5 0.008) from the simulated neutral distribution. Of the 14 microsatellites, 3 loci, Ssa412 (P 5 0.001), Ssa422 (P 5 0.01), and SLEE184 (P 5 0.009) were pointed out as putative outliers falling outside the 95% confidence interval (Figure 8 ).
Discussion
In this study, we utilized a limited number of biallelic loci and compared their efficiency and resolution with 14 microsatellite markers for estimating various population genetic parameters in Atlantic salmon. Interestingly, the 6 biallelic loci together with 1 GH1 haplotype (a total of 16 alleles) used here performed relatively similarly in most of the analyses when compared with a dataset consisting of 14 microsatellite (in total of 237 alleles) markers (Tonteri et al. 2005) .
Heterozygosity estimates were positively correlated between the 2 types of markers (Figure 2) . A weak correlation between SNP and microsatellite markers was also observed earlier in a population level study of Atlantic salmon (Rengmark et al. 2006 ) but not at the individual level in wolves (Seddon et al. 2005) . The observed correlation between the markers indicates that even a rather limited number of biallelic loci can provide useful information about the general level of genetic diversity in salmon populations assessed. However, when the populations were split based on their life-history strategy, the correlation between 2 marker types was nonsignificant (Figure 2 ). This may be due small number of populations analysed but might also suggests that while major differences in genetic variability can be easily detected using both marker types, more subtle differences in diversity might be more difficult to detect using only a small number of biallelic markers. Table 1 ). The lengths of some of the shortest branches have been slightly increased for presentation purposes.
Pairwise genetic divergence estimates, measured as F ST , showed highly correlated patterns between biallelic and microsatellite markers (Figure 3) . A further notable finding in the performance of a small set of biallelic loci was the congruency between biallelic and microsatellite markers in the isolation-by-distance signals observed in the anadromous populations (Figure 4a and b) . This indicates that both marker types adequately reflect the underlying evolutionary forces, such as migration and drift, which influence the population genetic structure of Atlantic salmon. In contrast to estimates of genetic diversity, significant correlations between the genetic divergence values estimated for biallelic markers and microsatellites could still be observed when populations were split based on their life-history strategy. This implies that a fewer biallelic loci may be required to estimate genetic distance than are required to accurately estimate genetic diversity.
Although the biallelic markers provided in general congruent phylogenetic signal compared with microsatellites, the biallelic marker data alone were not sufficient to give strong support for clustering of European salmon populations (Figure 5a ), probably as a result of the limited number of loci and the low number of alleles per locus (see Kalinowski 2005) . The microsatellite NJ phylogram ( Figure  5b ) was almost identical to the original (Tonteri et al. 2005) , with a minor reduction in the bootstrap values of some main nodes, possibly due to a smaller number of analyzed populations and individuals. However, when the biallelic marker data were combined with the microsatellite data for phylogenetic analyses, some changes in population groupings and slight increases in bootstrap support for some main nodes of the NJ phylogram were observed (Figure 5c ). One noteworthy change in clustering was that the Saimaa population grouped together with the nonanadromous White Sea populations Kamennoe and Pisto, as opposed to clustering with Baltic Sea basin populations as in the study of Tonteri et al. (2005) , where allozymes were combined with microsatellite markers. This indicates the relatively similar genetic distance signals of biallelic and microsatellite loci which somewhat differed from allozyme data.
Ascertainment bias is a further issue that needs to be considered when using biallelic markers such as SNPs for population genetic analyses as it may introduce a systematic bias in estimates of variation within and between populations (Kuhner et al. 2000; Nielsen 2000) . In this study, such a bias may potentially have resulted in an overestimation of F ST values in biallelic marker data as only a limited number of loci were used. However, this is assumed to have a minor role in the observed correlations between the signals from the 2 different marker types compared.
The genetic diversity content of biallelic and microsatellite loci from a conservation point of view was compared in this study, and the congruence between results obtained from different molecular markers was high for broad-scale comparisons (Figures 6 and 7a-c) . Recently, there has been special interest in assessing genetic diversity using markers directly targeted at specific genes or gene families and encouraging increased use of gene-targeted markers in ecological and conservation studies (van Tienderen et al. 2002) . The biallelic loci used in this study can be referred to as gene-targeted markers as they were identified around the coding regions of some functional genes Primmer 2004a, 2006) . When the genetic diversity value was estimated for different groupings of salmon populations using either biallelic or microsatellite loci (Figure 6 ), the nonanadromous and Baltic Sea populations seemed to contain a relatively small proportion of the overall diversity. This may reflect the overall lower genetic diversity observed within the Baltic and nonanadromous populations compared with the Atlantic ones Tonteri et al. 2007 ) However, when the nonanadromous and Baltic Sea populations were grouped together, their conservation priority estimate based on both marker types was relatively similar to that observed in the geographically more diverse anadromous White and Barents Seas and the Atlantic Ocean grouping (Figure 6 ). This suggests that different geographical lineages of Atlantic salmon populations hold unique allele combinations, which should be considered highly valuable for conservation purposes.
Each population's priority for conservation purposes was also assessed individually, and the split diversity and divergence contribution estimates correlated positively between different genetic markers (Figure 7a and b) . Petit et al. (1998) suggested that both population divergence and diversity should be considered in a conservation context because they both contribute to total diversity. However, these total diversity estimates were not correlated between marker systems (Figure 7c ), which may indicate that there is a difference in the impact of genetic divergence and genetic diversity components on the total diversity in microsatellites and biallelic markers. Furthermore, when populations were assessed based on their life history, no correlations existed between marker types for either genetic divergence or genetic diversity contribution and as a consequence, different populations would be prioritized for conservation depending on the marker type and conservation criteria applied. This emphasizes that further research is required before making general conclusions regarding which markers and molecular diversity/divergence criteria are most appropriate for developing conservation guidelines.
Some indications of potential signatures of selection in the analyzed biallelic and microsatellite loci were detected among 11 Atlantic salmon populations from the Barents and White Seas and the Atlantic Ocean. Three microsatellite loci identified as potential outliers here (Figure 8) were not the same as those reported earlier by , although the same microsatellite loci were included in both studies. Hence, it is possible that because the present study covered different set of populations compared with , the analysis of outlier loci identified different loci that might be affected by selection. However, it is also worth noting that the results here are based on only 1 F ST neutrality test (Beaumont and Nichols 1996) , and it has been suggested that potential outliers should be confirmed with at least 2 or more tests that are based on different models (e.g., Storz et al. 2004; . Hence, the putative outlier status of these loci should be treated with some caution. The locus named EF1a, whose primer sequences (Table 3) were designed using the published sequence of the translation elongation factor 1 alpha subunit in zebrafish (Gao et al. 1997) , was the only biallelic locus identified as a putative outlier (Figure 8 ). The sequences of the 2 mRNAs coding for Atlantic salmon EF1 paralogous genes have in fact been studied in terms of potential reference genes in expression studies (Olsvik et al. 2005) . It should be noted, however, that as no clear sequence homology was found between the locus used here and the salmon EF1a genes (Ryynänen and Primmer 2006) , the association of this biallelic marker with the corresponding gene in salmon is currently unclear. Therefore, further studies are warranted in order to determine the true homology of this gene sequence in salmon and whether the effects of selection might have implications for its use as a reference gene in expression studies. Interestingly, the MHC II beta locus, which was selected as an a priori candidate for selection, did not deviate from the simulated neutral expectations (Figure 8 ), despite the fact that the locus has been identified as an outlier in several population genetic studies of Atlantic salmon (Landry and Bernatchez 2001; Vasemägi, Gross, et al. 2005 ) and has also been demonstrated to directly affect the survival in several disease trials (Langefors et al. 2001; Lohm et al. 2002) and during empirical experiments in natural environment (de Eyto et al. 2007 ). To conclude, the main limitation on the use of biallelic markers in ecology and population genetics of nonmodel species continues to be the lack of markers, and this, together with the low information content compared with microsatellites (Kalinowski 2002) , hinders their application in nonmodel organisms. The emphasis of this study was to evaluate the usefulness of a small set of biallelic markers compared with microsatellite data, especially from a population genetics and conservation genetics perspective in Atlantic salmon. The study demonstrates that a relatively small set of biallelic markers can be sufficient for obtaining generally concordant results in most of the analyses compared with microsatellites, although estimates of genetic distance are generally more concordant than genetic diversity. However, we emphasize that the use of a much higher number of loci is preferable, especially when the genetic differences between populations are subtle or individual multilocus genotype-based analysis is performed.
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